Background: Aggression committed by patients with schizophrenia and other serious and persistent mental illnesses represents a major public health concern affecting patients, their families, treating clinicians as well as the community at large. Cortical dysfunction has been implicated as an anatomical correlate of acts of aggression as well as a fundamental feature associated with individuals with schizophrenia (SZ). As a result, examination of neurocognitive deficits may serves as a natural experiment to explore the relationship between cognition and aggression committed by SZ patients. Past studies, however, have yielded inconsistent and complex results regarding the relevance of cognitive impairment to aggressive behavior. Objective: Despite a fair number of studies in the literature, there have been no statistical reviews conducted to date examining the association between cognitive deficits and aggression in SZ. The present meta-analytic study examined the relationship between cognitive impairment and SZ acts of aggression. Methods: Electronic databases were searched up to April 2013 using the words and word stems "aggress*, psychotic, risk, cognit*, neurocognit*, and neurobiological." The search resulted in 29 studies with independent samples. Information was extracted regarding study sample and methodological characteristics in addition to aggression prediction, and comprehensive meta-analytic procedures were performed. Inter-rater reliability for coding was good to excellent. Results: The meta-analysis (4764 participants) demonstrated heterogeneous results, leading to follow-up comparisons. Results revealed that SZ cognitive impairment exerted a significant risk for aggression, across studies with differing methodologies. Global cognitive impairment and lack of insight emerged as significant risk indicators for aggression, accounting for 2% of the variance. Conclusions: It was concluded that measurement of patients' global cognitive ability adds incremental variance in the comprehensive assessment and prediction of SZ violence risk.
Introduction
Aggression committed by individuals with schizophrenia and related disorders (SZ) represents a major challenge for mental health professionals and has become a focus of increased attention and research in recent years (e.g., Wehring and Carpenter, 2011) . SZ violence in the community and at hospital based settings poses a significant public health concern with psychological, financial and broad societal consequences. SZ patients show increased risk for committing acts of aggression relative to the general public as well as patients with other psychiatric conditions (Barlow et al., 2000; Colasanti et al., 2010; Fottrell, 1980; Serper, 2011; Serper et al., 2005) and aggression is a major contributor to poor SZ outcome (White et al., 1997 (White et al., , 2006 . Studies examining demographic and clinical predictors of SZ aggression have been complex and have yielded conflicting results (e.g., Appelbaum et al., 2000; Arseneault et al., 2000; Lussier et al., 2010; Newton et al., 2012; Palmstierna and Wistedt, 1988; Serper et al., 2005) .
Cortical dysfunction has been implicated as a possible anatomical correlate of certain acts of aggressive behavior (e.g., Brower and Price, 2001; Davidson et al., 2000; Hoptman et al., 2002) and has been speculated to be a core feature underlying SZ illness (e.g., Barch et al., 2001; Lewis, 2012) . Damage to the prefrontal cortical area, for example, has been hypothesized to be associated with heightened aggression, emotional outbursts, disorganization, and impulsive, risk-taking and aggressive behavior New et al., 2004) . Since cortical dysfunction is believed to underlie aggression as well as contribute to SZ illness, examination of cognition and aggression in SZ may be seen as a natural experiment aimed at examining a common denominator implicated in both. The association between cognitive impairment and aggression committed by SZ patients, however, is complex. Past studies have yielded mixed results regarding the significance of SZ cognitive impairment as a risk factor for aggression, with some supporting (e.g., Barkataki et al., 2005; Hoptman et al., 2002; Krakowski and Schizophrenia Research: Cognition 1 (2014) [101] [102] [103] [104] [105] [106] [107] [108] [109] [110] [111] Czobor, 2012; Serper et al., 2005 Serper et al., , 2008 ; and others failing to find an association between SZ aggressive behavior and cognitive dysfunction (e.g., Harris et al., 2010; Huber et al., 2012; Lapierre et al., 1995; Rasmussen et al., 1995; Silver et al., 2005) .
Methodological differences may account for inconsistent findings across studies. Differing factors such as the specific diagnoses investigated (e.g., use of SZ, Schizoaffective, Bipolar patients), the setting of the study (hospital vs. community) , the operational definition used to define aggression, and the types of cognitive measures employed have made it difficult to get a clear understanding of the neurocognitive correlates to violence committed by SZ patients.
Current examination
To date, no meta-analytic reviews have investigated the cognitive predictors of aggression in SZ patients. There is a need to better understand the factors that lead to aggressive behavior in this population in order to address the needs of these individuals and to prevent future acts of violence toward family members, hospital staff, and communities as a whole. The present meta-analysis examines a range of general and specific neurocognitive measures.
Method

Procedure
A search was conducted using the EBSCO Host meta-search engine on April 16, 2013, from which were selected the PsycInfo and Medline search engines. The following terms were used as Boolean keywords in the search: aggress*, psychotic, risk, cognit*, neurocognit*, and neurobiological. The data from the papers that meet the inclusion and exclusion criteria below were put into Comprehensive Meta-Analysis (Borenstein et al., 2011) in order to assess cognitive effects on aggression across all samples.
Inclusion criteria and exclusion criteria
To be included in this review, studies needed to have an outcome measure that assesses aggression, and a predictor variable that can be considered cognitive or neurocognitive. To be considered cognitive, the predictor variable must measure an operation performed within the brain, or the capacity for such an operation. This can range from global measures that attempt to summarize an individual's capacity to perform mental operations, to specific measures that pinpoint the ability for a specific mental task. Studies were not included if: the participants had psychosis of a clear biological origin; original neurocognitive data was not presented; or if comparisons were not made between the neurocognitive variables and the aggression variables.
The original search resulted in 426 articles. From these, 382 did not meet the inclusion criteria or focused on neurobiologically-caused psychosis; a further 11 did not present original data; and four did not make the necessary comparisons. This resulted in 29 articles, which are presented with their characterizing details in Table 2 , below.
Data extraction
From each study, data was entered as reported into the CMA program. Across all 29 studies, data was presented in a variety of manners, including independent groups, odds ratios, correlations, student T-tests, and frequencies. Given the observational nature of most of the studies, all data was converted to correlation coefficients for comparison. The following qualitative descriptors are used to define effect ranges: minimal (b .10); small (.10-.29); medium (.30-.49); large (.50-.69); very large (.70+) (Cohen, 1988) .
Statistics
This meta-analysis used a fixed-effects model. Heterogeneity of variance among the studies was assessed using the I 2 statistic, which describes the percentage of variance due to among-study factors. When a set of studies was associated with significant (pb.05) heterogeneity, the set was broken into smaller theoretically meaningful groups based on the above breakdown, until a group of studies' variance was homogeneous, or until there were no theoretically sound factors to break the characteristic into. No further breakdowns were computed in order to minimize the likelihood of researcher bias or "fishing." To assess for publication bias, a Classic Fail-Safe N test was performed. The Fail-Safe N test evaluates whether this risk is relevant by estimating how many hypothetical unpublished or un-submitted studies would have to be added in order to eliminate an overall significant effect.
Inter-rater reliability
Prior to analysis, each study was characterized and coded based on certain dimensions by two of the authors (JR and GR). These dimensions are based on theoretically and clinically meaningful factors, as in previous meta-analyses (e.g. Witt et al., 2013) , and reflect the wide variation in the study design and measurement. A full break-down of coding can be found in Appendix A.
For classification into these categories, inter-rater reliability was calculated for the two raters (JR and GR). Reliability by coding dimension is given in Table 1 . Reliability levels ranged from adequate to excellent. Any discrepancies were discussed and a final decision was reached. These dimensions were subsequently used for a priori sub-groupings. They were then used for hierarchical selection of data within a study, whereby a higher categorization was used over a lower one (e.g. a behavioral measurement over a self-report). This was not done for theoretical cognitive domains, however, as there is no valid basis for ranking. When different cognitive measures were used within a study, the CMA program was set to average the data.
Results
Qualitative results organization
For best comprehension and accuracy, the authors of this review have organized the description of the included studies into categories that describe sample characteristics, study setting and chronology, cognitive predictors, and aggression measure characteristics, followed by statistical results.
Sample characteristics
Study samples ranged from 14 to 1662 individuals, for a total of 4764 participants. Individual article characteristics are presented in Table 2 . Studies averaged 164 participants (median = 96); the mean is skewed by one study with 1662 individuals. Participants were recruited from 14 different nations across North America, Europe, Asia, and Australia, with the United States as the greatest national representation (n = 10; 34.48%). The age of most participants fell between 18 and 60 or 65 years old. Three studies used participants who were currently in their first episode of psychosis, and so these also included adolescent participants (Foley et al., 2005; Harris et al., 2010; Huber et al., 2012) . There was no difference in sample size based on when the study was performed (r = −.061, ns). Most participants across all studies were male (61.0% within 27 studies). Nine studies used only male participants, because they asserted that very few incidents of aggression would be committed by women. This bias was supported amongst the nine studies that reported male versus female aggressive incidents: males were significantly more likely to be aggressive (325 males [22.6%] and 117 females [8.4%]; χ 2 = 108.2, p b .001). However, the story may be more complex; Daffern et al. (2005) found that women had a significantly higher number of aggressive incidents. Many studies did not discuss ethnic representation. As study samples come from four different continents, diversity is likely, but the extent is uncertain.
There was a range of diagnostic inclusion (see Table 2 ). 31.0% of the studies (n = 9) included only participants diagnosed with Schizophrenia, while 27.6% (n = 8) also included individuals diagnosed with Schizoaffective Disorder. Of the remaining 12 studies, four included any inpatient. In one such study, for instance, psychotic disorder patients comprised 68%, Bipolar Disorder 26.9%, and Major Depressive Disorder 5.1%; thus, up to 32% may not have been psychotic. Nevertheless, the vast majority across all samples, at least 85.9%, were psychotic. In all, 4090 (85.9%) were diagnosed with a psychotic disorder, including: Schizophrenia (60.9%), unspecified Schizophrenia "Spectrum" Disorder (8.5%), unspecified Schizophrenia or Schizoaffective Disorder (7.2%), unspecified first-episode psychotic disorder (3.2%), Schizoaffective Disorder (2.1%), Psychotic Disorder NOS (1.8%), Organic Psychosis (1.2%), substance-induced psychotic disorder (0.5%), Delusional Disorder (0.3%), Schizophreniform Disorder (0.2%), and Brief Psychotic Disorder (0.1%). Other diagnoses included: Bipolar Disorder (3.2%), unspecified affective disorder (2.2%), Personality Disorder (1.9%), Major Depressive Disorder (1.3%), non-psychotic Substance Abuse disorder (0.9%), Adjustment Disorder (0.7%), "neurotic" disorder (0.2%), disorder listed as "other" (0.2%), and finally, unaccounted for (3.5%). These latter individuals add mild diagnostic heterogeneity, and may dilute the overall relationship between cognitive predictors and aggression outcome. However, they account for no more than 14.1%, and as little as 3.9%, of the whole sample. Prevalence of substance abuse was presented in many studies, but rarely incorporated as a covariate.
There was also a range in diagnostic exclusion. While most studies made exclusions based on things that would directly affect cognition, e.g. intellectual disability, traumatic brain injury, dementia, etc., some gave further exclusions, such as limiting to one DSM-IV/TR Axis I disorder, creating a minimum psychosis severity based on PANSS score, restricting the type of primary psychotic symptom (e.g. to paranoid delusions or auditory hallucinations), or in the case of treatment studies, restricting based on past medication trials and/or response.
Setting and chronology
Eighteen studies made their measurements with individuals in locked psychiatric facilities, and six with outpatients. One used both inpatients and outpatients, and four contrasted forensic inpatients with nonforensic inpatients and/or outpatients.
Temporal contiguity, or how proximate aggressive acts were to when the individual's cognitive performance was assessed, is essential to conclusions of causality. Many studies (48.28%), including all studies with only outpatients, collected information about aggression prior to assessment. Amongst studies that examined aggression prospectively during hospitalization, five involved fixed-durations (lengths listed in Table 2 ). Three studies followed the individuals as outpatients well after discharge from the hospital.
Neurocognitive predictors
Fifty-six different assessment tools were used, with 89 unique variables. Occasionally, scores from different assessment tools were combined into global factor scores; two studies Serper et al., 2008) present only this summary data. A complete list of the specific measures used is provided in Appendix B. While some assessments are very specific in their target ability, most depend in part on multiple constructs, and so performance on most measures relate to abilities in many different aspects of neurocognition. The manner in which the tools are broken down in the table, therefore, is largely for ease of comprehension, rather than true categorization.
Seventeen predictor measures were used in multiple studies, while 39 were only used in one study. Measuring the same type of imputed skill in different ways makes it easier to generalize from consistent findings, but makes it difficult to interpret inconsistent findings.
Cognitive information is generally gathered and scored in three different manners: through a behavioral assessment, where the score is based on the pattern, speed, accuracy, or other quantity of the response; through clinical assessment, where a trained clinician uses information from interview, collateral report, and/or observation to make ratings; and through self-report, where individuals rate their own behavior or capability. Each method has its own benefits and drawbacks, a discussion of which is beyond the purview of this paper. Fourteen studies used behavioral measurements, ten used clinical measurements, and seven used self-report measurements. One study made behavioral and clinical measurements, and one used behavioral and self-report measurements. The same construct can be measured in different ways. This occurred across studies, such as with insight and hostile attribution bias, but not within a study.
Outcome measures
Outcome measures fell into three categories. Many researchers have questioned whether violence in a hospital setting can be equated with violence in the community (e.g., Hodgins et al., 2003; Lafayette et al., 2003; Nolan et al., 2005; Serper, 2011; Serper et al., 2005) . Among the studies in this metaanalysis, 15 collected information from within a hospital setting, and 19 from a community setting, with five collecting data from both settings.
Continuous prospective measurement
Ten studies used the Overt Aggression Scale, which breaks down aggression into weighted subcomponents for verbal aggression, physical aggression towards objects, physical aggression towards oneself, and physical aggression towards others. Different thresholds were used for what qualifies as aggressive, ranging from individual weighted scores, combined weighted scores, or including only physical aggression against others. Daffern et al. (2005) and Amore et al. (2008) additionally included an interview to assess history of violence (see below).
Retrospective based on documented event
Ten studies used a documented history of a serious violent event. Among these, four used tools, such as the Gunn and Robertson (1976) scale, to rate past events documented in hospital records and/or criminal records; three used these records without a specific ratings scale; two simply used presence in a locked forensic inpatient facility versus no reported history of violent behavior; and one combined hospital records with a family interview to find evidence of "any assaultive act in which the respondent used a weapon against another person or made a threat with a weapon or that resulted in an injury to another person" (Swartz et al., 1998 , p. 227). 
Retrospective based on interview
Twelve studies used information collected via interview with the patient, patient's family, and/or clinical staff. Some of these used the same four aggression sub-categories, while some used a more fluid metric. Only two studies relied solely on self-reported aggression; these assessed physical and verbal aggression along with anger and hostility (Nederlof et al., 2011; Van Dongen et al., 2011) .
Summary
Continuous, prospective measurement accesses a wide range of aggressive behavior over a short time frame, getting good breadth Nolan et al., 2005. and adequate reliability. The studies using a documented event miss out on some of the range of aggressive behavior, leaving those studies with poor breadth but good reliability. The studies that used interview-data regain breadth, but lose reliability. Three studies widened the concept of aggression very far, to include concepts of anger and hostility.
Statistical results
Publication bias: file drawer problem
Based on a two-tailed analysis of the 29 studies, the 'fail-safe' N computes to 593 for an alpha of 0.05: in other words, there would need to be 593 missing studies in order to bring the overall probability of a significant result to greater than the .05 alpha level. This finding suggests that the overall finding is extremely unlikely to be nullified by unpublished or unavailable data, and instead can be attributed to other factors.
Complete data sample
Twenty-nine studies were included. Taken altogether, there was an overall correlation coefficient value of −0.142 (CI −0.172 to −0.111; OR 0.594, from 0.508 to 0.667), significant below the p = 0.001 threshold. In other words, greater deficits in the neurocognitive factors assessed predict mildly greater aggression. However, the data were not homogeneous (I 2 = 63.72, p b .001), and therefore post-hoc analyses were performed, according to the pre-set characterization rubric. Results wherein the studies were homogeneous are presented in Tables 3 and  4 , below. Five studies, comprising a total of 411 individuals, did not fit into any homogeneous groupings (Berman et al., 2010; Daffern et al., 2005; Nederlof et al., 2011; Van Dongen et al., 2011 . Four showed an effect size much greater than where the homogeneous studies fall; the fifth study, Daffern et al., showed a minimal effect size in the counterhypothesized direction. In their discussion, the authors attributed this to the greater functionality of their sample compared with samples from similar studies. The five studies as a whole share two features: they all used self-report measurements for neurocognitive data, and all assessed hostile attribution bias (3), impulsivity (1), or both (1). These cognitive domain constructs themselves appear diffuse; when removing the five studies from the analyses of hostile attribution bias and impulsivity, variance remained heterogeneous.
Diagnostic inclusion
Initially, samples that contained "broader" diagnostic inclusion than Schizophrenia and Schizoaffective Disorder were left out, leaving 17 studies. While these studies continued to show a significant effect, they also remained heterogeneous (I 2 = 60.26, p = .001). Therefore, each category was analyzed separately. The nine studies that only included individuals with a diagnosis of Schizophrenia were homogeneous, and showed a significant effect in the predicted direction (see Table 3 ; OR 0.75, CI 0.62-0.89). The eight studies that included individuals with Schizophrenia and Schizoaffective Disorder and the twelve studies that included a broader range of disorders also showed a significant effect in the predicted direction, but again remained heterogeneous (I 2 = 59.92, p = .015; I 2 = 69.47, p b .001). Further predetermined break-downs did not produce homogeneity.
Method of collection
Initially, samples that contained behavioral measurements were left out, leaving 17 studies. These studies showed a significant effect in the predicted direction, but were heterogeneous (I 2 = 74.78, p b .001).
Therefore, each category was analyzed separately. The 14 studies that obtained information through behavioral ratings were homogeneous and showed a significant effect in the predicted direction (see Table 3 ; OR 0.76, CI 0.60 to 0.97). The nine studies that obtained information through clinical ratings showed a significant effect in the predicted direction but were heterogeneous (I 2 = 57.45, p = .016). Likewise, the eight studies that obtained information through self-reported ratings showed a significant effect in the predicted direction, but remained heterogeneous (I 2 = 83.91, p b.001). Further predetermined break-downs did not produce homogeneity.
Chronology of aggression
The three studies that tracked aggression after discharge were homogeneous and showed a significant effect in the predicted direction (see Table 3 ; OR 0.71, CI 0.59-0.85). The eleven studies that measured aggression during hospitalization showed a significant effect in the predicted direction, but were heterogeneous (I 2 = 62.19, p b .003). Likewise, the 17 studies that obtained information about aggression from prior records or self-or informant-reported information also showed a significant effect in the predicted direction, but remained heterogeneous (I 2 = 65.60, p b .001). These 17 studies were broken down further by method of data collection. When self-report measurements are excluded, there is a significant effect in the predicted direction amongst these 13 studies (r = − 0.117), that is homogeneous (I 2 = 34.215, ns). Self-reported data remained heterogeneous. Similarly, when excluding data where aggression was measured by total aggression, there is a significant effect in the predicted direction amongst these 11 studies (r = −0.124), that is homogeneous (I 2 = 15.86, ns). Data connected with total aggression remained heterogeneous.
Location of aggression
The three studies that combined reported incidents of aggression in the community and in the hospital were homogeneous (I 2 = 26.24, ns) and showed an effect in the predicted direction (r = -0.056, ns). When these studies were combined with either the community or hospital samples, there was a significant effect in the predicted direction for each, but the variances were heterogeneous. Likewise, the 16 community samples alone showed a significant effect in the predicted direction (r = -0.146), but remained heterogeneous (I 2 = 66.82, p b .001). The 12 hospital samples alone also showed a significant effect in the predicted direction (r = -0.179), and remained heterogeneous (I 2 = 63.04, p = .002).
Aggression severity
Samples that only looked at combined or total aggression were excluded, leaving 19 studies that examine physical aggression towards others as shown by criminal records, hospital records, or report, along with physical aggression against objects as shown by hospital records. These studies were homogeneous, and showed a significant effect in the predicted direction (see Table 3 ; OR 0.64, CI 0.56-0.72). The 14 studies that reported data looking at combined aggression suggested a significant effect in the predicted direction, but were heterogeneous (I 2 = 83.01, p b .001). Further predetermined break-downs of this group did not produce homogeneity.
Theoretical cognitive domain
As discussed above, imputed domains can be difficult to categorize, and do not have clear demarcations. Many measurements assess multiple, overlapping theoretical constructs, even if they are commonly assigned to one construct. While inter-rater reliability within our study was nevertheless very high (Cohen's κ = 0.951), distinctions made will be interpreted cautiously.
Homogeneity was found when combining the results from 20 studies that analyzed attention, specific memory, processing speed, visualspatial reasoning, motor functioning, general cognition, and insight. These results led to a significant effect size, in the predicted direction (see Table 4 ; OR 0.72, CI 0.63-0.82). On their own, each of these categories retained their homogeneity. Meta-analysis could not be performed on processing speed or empathy alone, as they were only assessed in one study each and Kumari et al., 2005, respectively) . Significant effects in the predicted direction were found for global cognition and insight (see Table 4 ; OR 0.61, CI 0.47-0.80; and OR 0.72, CI 0.61-0.86). A significant effect, in the direction contrary to prediction, was found for motor functioning (see Table 4 ; OR 1.52, CI 1.03-2.24); in other words, across four studies, better motor functioning correlated with an increased likelihood of aggression. Notably, this is the only domain to show a positive effect with aggression. Visual-spatial reasoning showed an effect in the predicted direction, but just failed to reach the cutoff for significance (r = − 0.137, p = .056). No effect on aggression was found for categories including specific memory functions (r = −0.087, ns) and attention (r = −0.082, ns), though all relationships were in the predicted direction.
All other domains failed to reach homogeneity without further breakdown. Impulsivity was assessed in five studies, and showed an overall significant effect in the predicted direction, but was not homogeneous (I 2 = 85.15, p b .001). Further break-downs did not produce homogeneity. Hostile attribution bias was assessed in ten studies, and showed an overall significant effect in the predicted direction, but was likewise not homogeneous (I 2 = 76.97, p b .001). When removing any data relating hostile attribution bias to combined aggression, a significant effect in the predicted direction was maintained (r = -0.141, p b .001) amongst the four studies, and it was no longer significantly heterogeneous (I 2 = 57.02, ns). The data relating hostile attribution bias to combined aggression remained heterogeneous (I 2 = 91.58, p b .001).
Finally, executive functioning was assessed in ten studies, and showed an overall significant effect in the predicted direction, but was not homogeneous (I 2 = 87.59, p b .001). Homogeneity was achieved by breaking down the data by the time direction of the aggression measurement. Amongst the eight studies that compared executive functioning with prior aggression history, no effect on aggression was found (r = 0.010, ns), and the data was homogeneous (I 2 = 0, ns). Only two studies compared executive functioning with aggression during the subsequent hospitalization period, and they remained heterogeneous. No studies compared executive functioning with aggression after discharge.
Discussion
Twenty-nine original research papers that related neurocognitive measurements to aggressive behavior in psychosis were reviewed in the present study. Two major points become evident from the metaanalytic results. First, there is mounting evidence to suggest that cognitive factors play a modest but consistent and significant role in the likelihood of SZ aggression. Second, the ability to reliably relate cognitive factors to aggression depends on data collection and specification methods. When little information is available about the utility of different collection and specification methods, it is important to try many strategies. But as the evidence begins to accumulate, methods can become targeted and focused to what will be most informative.
Regardless of whether or not homogeneity of variance was achieved, meta-analytic data consistently centered on a correlation coefficient of − 0.1 to − 0.2, i.e. 1-4% of the overall variance in aggression. For samples that were homogeneous, this was the case for domains of global cognition and insight, and probably for visualspatial reasoning. Poorer global cognitive capability, insight into one's illness, and one's ability for perceptual reasoning each relate to a small increase in the likelihood of aggression. Global cognitive capacity was largely tested regarding aggression prior to hospital admission (only Nolan et al., 2005 assessed aggression during the hospitalization). Insight, in contrast, was assessed in a mixture of chronological directions. Specific memory functions and attention showed a similar overall effect, but the confidence interval failed to reach significance. Somewhat larger small effects were also found for the domains of impulsivity, hostile attribution bias, and executive functioning, but each had heterogeneous variance. A useful subdivision was not found for impulsivity. Increased hostile attribution bias was found to relate to a small increase in the likelihood of becoming physically aggressive towards others, either during hospitalization or after discharge. In contrast, executive functioning was found not to relate to the likelihood of having previously been aggressive.
Motor functioning was found to have the opposite effect from all the other domains. Better motor functioning related to a small increase in the likelihood of aggression. Prior aggression was recorded in three of the studies, while aggression during hospitalization was assessed in one of the studies.
Methodological conservativeness promotes a more consistent effect in each category assessed. Samples that: restricted diagnostic inclusion to Schizophrenia; measured cognition behaviorally; and restricted the definition of aggression to physical acts towards others or objects, found significant effects such that worse neurocognitive functioning related to an increase in the likelihood of having been or becoming aggressive. As might be imagined, there is high overlap in studies among these categorizations.
When factoring the data by the chronology of the outcome aggression, a more complicated picture emerges. Homogeneity was found in two directions. First, poorer neurocognitive functioning during hospitalization related to an increase in the likelihood of becoming aggressive after discharge from the hospital. Second, more impaired neurocognitive functioning during hospitalization related to an increase in the likelihood of having been aggressive before hospitalization, but the variance is only homogenous for two, largely overlapping sample subsets: where only behavioral and clinical neurocognitive data were used, and where aggression was specified as aggression found in criminal reports, physical aggression against others, and/or physical aggression against objects. Contrary to findings from studies of other types of predictors, the relationship of cognition to aggression falls at a similar level and is heterogeneous for community-based and hospital-based aggression.
It is notable that difficulty in obtaining homogeneity does not appear to correlate with inter-rater reliability, which can be a heuristic for coherence of the particular concept. Diagnostic inclusion had the fewest number of combined studies to find homogeneity of variance, but it fell in the middle for inter-rater reliability; whereas severity of aggression showed the worst inter-rater reliability, but had one of the highest numbers of combined studies to find homogeneity of variance. All of the five studies that did not fit into any homogeneous meta-analytic grouping used self-report measurements for their neurocognitive data.
In summary, impaired cognitive functioning relates to an increase in the likelihood of aggression, explaining approximately 2% of the variance. The most reliable way to assess this is through a measure of global cognitive capacity. The result was homogeneous for global cognition across comprehensive assessments, such as the full WAIS-IV battery, brief assessments, and quick, clinical assessments such as the cognitive subscale of the PANSS. Estimates (largely clinical) of deficit in insight show a similar homogeneous effect. It is plausible that these two factors are the most reliable because insight may be a meta-cognitive factor dependent on global cognitive capacity (e.g. Nair et al., 2014) . In terms of the degree of cognitive deficit expected, among the studies that reported means and standard deviations, and excluding estimates of premorbid intellectual functioning (i.e., the NART), the standardized difference was shown to be z = −0.80 (SD = 1.06) for nonaggressive individuals, and z = −1.14 (SD = 0.98) for aggressive individuals.
Clinical utility of study
In general, when assessing risk for aggression amongst admitted patients with psychosis, worse neurocognitive impairment will relate to an increase in the likelihood of aggression. This is clearest amongst individuals with a diagnosis of schizophrenia, and when looking at broad neurocognitive factors such as global cognition and insight. It is best to use more objective, behavioral measurements of neurocognition, though that is more difficult to do for meta-cognitive constructs such as insight. Even so, clinical ratings are superior to self-reported ratings in yielding coherent predictors. A global cognitive measurement or proxy such as verbal reasoning, and/or a clinical rating of insight may be useful additions to a comprehensive risk assessment for aggression in individuals with psychosis. Our results suggest that SZ individuals with a global cognitive ability lower than one standard deviation below average, and who demonstrate poor insight are at an increased risk for committing acts of aggression in both community and hospital settings. Given that some important risk information, such as past aggression, substance abuse, may be unavailable or unreliable, assessment of these variables may be important additions. Conversely, and most importantly, the more such information is available, the greater the potential for small correlations to increase successful selectivity (cf. Taylor and Russell, 1939, p. 750) .
Limitations and future directions
The main limitation to the current findings is the ongoing heterogeneity of the data. At this point, it remains difficult to take specific measures in areas such as executive functioning and impulsivity, such as the Wisconsin Card Sorting Task or the Go/No Go task, and to predict their relation to aggression. This is most likely due to methodological heterogeneity. Also, what variables qualify as cognitive/neurocognitive is not self-evident. This study chose a somewhat broad definition, as seen by the inclusion of insight and hostile attribution bias, constructs that border between cognitive factor and clinical symptom. Past studies, for example have found clinical ratings of clinical rating scales such as the PANSS cognition subscale and the SANS attention subscale to show little overlapping variance with performance-based cognitive assessments (Harvey, 2009; Harvey et al., 2001; Vadhan et al., 2001) .
Additionally, another limitation focuses on exclusion of SZ patients with comorbid traumatic brain injury (TBI) or mental retardation/intellectual disability (MR/ID). SZ Patients with these types of comorbid conditions may be more prone to commit aggression out of frustration in communicating their needs on the inpatient service (Buckley et al., 2003) . As a result, the cognition-violence link may have been reduced in the current analyses.
There is much room for future research, particularly with a more refined methodological scope. By holding to more reliable measurements (behavioral or at least clinical) and eliminating broader definitions of aggression that incorporate "anger" and verbal aggression, research can begin to paint a more complete picture of risk. For instance, it will become more manageable to identify cognitive similarities and differences in risk depending on chronology (whether the aggression occurred before, soon after, or long after the assessment), location (where the aggression occurred in the hospital or in the community), symptoms of psychosis and diagnostic variation, and comorbid Antisocial Personality Disorder (psychopathy) and substance abuse. Additionally, researchers may wish to systematically examine different risk factors for violence (clinically rated hostility on the PANSS) and cognitive performance measures. Lastly, examination of aggression in SZ patients with comorbid MR/ID, seizure disorder, or a history of TBI may yield new findings. Ultimately, research can create a path-flow model that combines important factors to identify levels of risk for aggression in psychosis and thereby steps that may be taken to ensure patient, staff, and community safety.
Conclusion
The ability to reliably assess and predict aggressive acts from SZ individuals with has important implications for prevention and treatment of aggression (Raine and Liu, 1998) . Cognitive factors have been assessed, with inconsistent findings, and this meta-analysis was performed to clarify these results. It was concluded that impairments in global cognitive ability and insight were found to homogeneously relate to an increase in SZ aggression in both the hospital and the community. Behavioral and/or clinical assessment of these factors may have an important augmentative role to play in a comprehensive assessment for future dangerousness and remediation in identified high violence risk individuals.
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